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(57) ABSTRACT 

An injection device for humidifying a reactor space and 
injecting and dispersing reagents into the humidi?ed reactor 
space, including an exterior injection duct for high-velocity 
gas injection and at least one interior injector for reagent and 
humidifying agent injection as droplets With a droplet envi 
ronment. The high-velocity gas ensuring the humidi?cation 
of the liquid droplet environment and mixing and dispersion 
of the liquid reagent droplets into the reactor. A multiple 
injection device system and a method for operating the sys 
tem are also described. 
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COMBUSTION FURNACE HUMIDIFICATION 
DEVICES, SYSTEMS AND METHODS 

This application is a division of utility application Ser. No. 
10/757,056 ?led Jan. 14, 2004, issued Mar. 2, 2010 as US. 
Pat. No. 7,670,569, Which is continuation-in-part of applica 
tion Ser. No. 10/461,735 ?led Jun. 13, 2003, currently pend 
rng. 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 
The present invention relates generally to chemical inj ec 

tion devices and, more particularly, to a co-axial chemical 
inj ection device using high-velocity gases. 

(2) Description of the Prior Art 
Combustion fumaces utiliZe injection of chemical reagents 

to reduce NO,C and other noxious substances in the combus 
tion ef?uent. These reagents are frequently dissolved in Water 
and injected into the combustion space under pressure, form 
ing Water droplets that aid in the dispersion of the chemical 
reagents in the combustion gases. 

In a loW-relative humidity environment, the droplets Will 
start evaporating before they have a chance to reach their 
boiling point. The droplets Will therefore completely evapo 
rate and make the reagent dissolved in the Water droplets 
chemically available much sooner than the time required for 
the droplets to reach their boiling point. Making the reagent 
chemically available prematurely may lead to undesirable 
side reactions. In the case of NH3 and NH3-based reagents 
that are injected into combustion furnaces in order to react 
With NO,C compounds to reduce them to elemental nitrogen, 
premature availability of the NH3 at elevated temperatures 
can cause them to be oxidized themselves to NOX, thereby 
actually raising the combustion gas NO,C levels, rather than 
reducing them. 

Prior art methods utiliZed large droplet siZes to delay the 
complete evaporation of the droplet and availability of the 
chemical reagent dissolved therein. HoWever, in high-turbu 
lence systems, droplet siZes are limited by the shear of the 
gases. Therefore, a need exists for a method to prevent com 
plete evaporation of liquid droplets in a high-turbulence sys 
tem until complete evaporation is desired. 

Chemical injection devices are generally knoWn. Example 
of some prior art devices include US. Pat. No. 5,342,592 
issued to Peter-Hoblyn et al. on Aug. 30, 1994 for Lance-type 
injection apparatus for introducing chemical agents into ?ue 
gases teaches the removal of sulfur oxides (SOX) and nitrogen 
oxides (NOX) from combustion ef?uents is enhanced by the 
supplying of reactants in a particular distribution pattern in 
the gas ?oW. To achieve the particular distribution pattern and 
to avoid impingement of the reactant on the heat exchanger 
tubes of the combustor, an elongated injection lance compris 
ing c cooling jacket and plural spaced injections ports is 
employed. The cooling jacket protects the reactant supply to 
the injection ports from the high temperatures of the combus 
tion gases. 
US. Pat. No. 4,985,218 issued to DeVita on Jan. 15, 1991 

for Process and injector for reducing the concentration of 
pollutants in an e?luent teaches a process and apparatus for 
reducing the concentration of pollutants in an e?luent from 
the combustion of a fuel or Waste material is presented. The 
process and apparatus enables injection of an e?luent treat 
ment ?uid at loW treatment ?uid ?oW rates yet provides an 
even dispersion of treatment ?uid Within an ef?uent passage 
With little or no clogging. An atomiZation conduit, positioned 
coaxially Within a treatment ?uid supply conduit, extends into 
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2 
the e?luent and supplies an atomiZation ?uid, such as steam 
or air. A treatment ?uid is supplied through a supply conduit 
and through at least one jet in the atomiZation conduit Wall at 
a velocity of betWeen 2-60 feet per second, causing atomiZa 
tion of the treatment ?uid Within the noZZle. 
US. Pat. No. 4,915,036 issued to DeVita on Apr. 10, 1990 

for Boiler and injector for reducing the concentration of pol 
lutants in an e?luent teaches a process and apparatus for 
reducing the concentration of pollutants in an e?luent from 
the combustion of a fuel or Waste material is presented. The 
process and apparatus enables injection of an e?luent treat 
ment ?uid at loW treatment ?uid ?oW rates yet provides an 
even dispersion of treatment ?uid Within an e?luent passage 
With little or no clogging. An atomiZation conduit, positioned 
coaxially Within a treatment ?uid supply conduit, extends into 
the e?luent and supplies an atomiZation ?uid, such as steam 
or air. A treatment ?uid is supplied through a supply conduit 
and through at least one jet in the atomiZation conduit Wall at 
a velocity of betWeen 2-60 feet per second, causing atomiZa 
tion of the treatment ?uid Within the noZZle. 
US. Pat. No. 4,842,834 issued to Burton on Jun. 27, 1989 

for Process for reducing the concentration of pollutants in an 
e?luent teaches a process and apparatus for reducing the 
concentration of pollutants in an ef?uent from the combustion 
of a fuel is presented. The process and apparatus enables 
injection of an e?luent treatment ?uid at independently vari 
able droplet siZes and distance of injection to a Wide variety of 
distribution patterns Within an ef?uent passage. An atomiZa 
tion conduit, positioned coaxially around a treatment ?uid 
conduit, extends into the ef?uent and supplies an atomiZation 
?uid. The supply conduit is axially slidable With respect to the 
atomization conduit and supplying a treatment ?uid through 
the supply conduit. The relative axial position of supply con 
duit and the atomiZation conduit is adjusted and the rate of 
?oW of the atomiZation ?uid is selected to inject droplets of a 
siZe effective to a desired distance Within the passage. 
The use of urea and NH3-generating compounds is knoWn 

in the prior art. Example of the use of urea and NH3-gener 
ating compounds include US. Pat. No. 4,992,249 issued Feb. 
12, 1991 to BoWers for Reduction of nitrogen- and carbon 
based pollutants through the use of urea solutions and US. 
Pat. No. 4,927,612 issued May 22, 1990 invented by BoWers 
for Reduction of nitrogen- and carbon-based pollutants 
teaches process using a dispersion of aqueous urea solution is 
injected into an e?luent for reducing nitrogen oxides in an 
e?luent from the combustion of carbonaceous fuel. 
US. Pat. No. 5,057,293 issued May 22, 1990 invented by 

Epperly, et al. and assigned to Fuel Tech, Inc. for Multi-stage 
process for reducing the concentration of pollutants in an 
e?luent teaches a process for the reduction of the concentra 
tion of nitrogen oxides in the ef?uent from the combustion of 
a carbonaceous fuel, the process comprising selecting a plu 
rality of locations for introduction of chemical formulations 
and introducing at each of said locations at least one chemical 
formulation, selected from the group consisting of urea, 
ammonia, hexamethylenetetraamine, an oxygenated hydro 
carbon, a para?inic hydrocarbon, an ole?nic hydrocarbon, an 
aromatic hydrocarbon, an ammonium salt of an organic acid 
having a carbon to nitrogen ratio of greater than 1:1, a 
hydroxy amino hydrocarbon, a heterocyclic hydrocarbon 
having at least one cyclic oxygen, a ?ve- or six-membered 
heterocyclic hydrocarbon having at least one cyclic nitrogen, 
hydrogen peroxide, guanidine, guanidine carbonate, biguani 
dine, guanylurea sulfate, melamine, dicyandiamide, calcium 
cyanamide, biuret, 1,1'-aZobisformamide, methylol urea, 
methylol urea-urea condensation product, dimethylol urea, 
methyl urea, methyl urea, and mixtures thereof, effective to 
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reduce the concentration of nitrogen oxides at the e?luent 
temperature existing at said location, such that optimization 
of the level of injection at each of said locations leads to the 
reduction of the level of nitrogen oxides beloW a predeter 
mined target level. 
US. Pat. No. 4,208,386 issued Jun. 17, 1980 to Arand, et al. 

for Urea reduction of NOx in combustion e?luents and US. 
Pat. No. 4,325,924 issued to Arand, et al. onApr. 20, 1982 for 
Urea reduction of NO.sub.x in fuel rich combustion ef?uents 
teach methods for reducing NO,C in combustion ef?uents 
involving introducing urea into the combustion e?luent. 

SUMMARY OF THE INVENTION 

The present invention is directed to an injection device for 
humidifying a reactor space and injecting and dispersing 
reagents into the humidi?ed reactor space; the device includ 
ing an exterior injection duct for high-velocity gas injection 
and at least one interior injector for reagent and humidifying 
agent injection; thereby providing a device for ensuring the 
mixing and dispersion of the liquid reagent into the reactor by 
the high-velocity gas. 

The present invention is further directed to a coaxial inj ec 
tion device for humidifying a reactor space and inj ecting and 
dispersing reagents into the humidi?ed reactor space, the 
device including an exterior duct for high-velocity gas inj ec 
tion, an outer-middle inj ector With at least one noZZle for 
liquid injection, an inner-middle duct for loW-velocity gas 
injection and an interior injector With noZZle for liquid inj ec 
tion; Wherein the exterior duct is formed by the internal Wall 
of an insert and the external Wall of the outer-middle injector; 
and is located externally to and circumferentially surrounds 
all other injectors and ducts; the outer-middle injector is 
formed by tWo concentric cylinders With end plate and inj ec 
tor noZZles; the inner-middle duct is formed by interior Wall 
of the outer-middle injector and the exterior Wall of the inte 
rior injector; the interior injector is formed by a cylinder With 
an endplate, the endplate having a noZZle; thereby ensuring 
the mixing and dispersion of the liquids and gases into the 
reactor to increase reaction homogeneity, reaction ef?ciency, 
reactor ef?ciency and reduced byproduct formation. 

The present invention is further directed to a multiple inj ec 
tor system including at least tWo injection devices, at least one 
reaction parameter probe, and at least one controller; Wherein 
the coaxial devices are located at spaced-apart locations along 
the reactor length, the reaction parameter probe is located 
doWnstream of the injector system, and the controller com 
municates With the injection devices and the parameter probe 
to control the injection devices. 

The present invention is still further directed to a method 
for operating the multiple injector system, including the steps 
of sampling the reaction parameter; selecting the injection 
unit best suit for injecting the reagents; and injecting the 
reagents through the selected injection units. 

Accordingly, one aspect of the present invention is to pro 
vide an injection device for injecting and dispersing reagents 
into a reactor, including an exterior duct for high-velocity gas 
injection, an outer-middle injector With at least one noZZle for 
liquid injection, an inner-middle duct for loW-velocity gas 
injection and an interior injector With noZZle for liquid inj ec 
tion; Wherein, the exterior duct is formed by the internal Wall 
of an insert and the external Wall of the outer-middle injector; 
and is located externally to and circumferentially surrounds 
all other injectors and ducts; the outer-middle injector is 
formed by tWo concentric cylinders With end plate and inj ec 
tor noZZles; the inner-middle duct is formed by interior Wall 
of the outer-middle injector and the exterior Wall of the inte 
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4 
rior injector; the interior injector is foimed by a cylinder With 
an endplate, the endplate having a noZZle; thereby ensuring 
the mixing and dispersion of the liquids and gases into the 
reactor to increase reaction homogeneity, reaction ef?ciency, 
reactor ef?ciency and reduced byproduct formation. 

Another aspect of the present invention is to provide a 
multiple injection device system including at least tWo 
coaxial injection devices and at least 1 reaction parameter 
probe; Wherein the coaxial devices are located at spaced-apart 
locations along the reactor length and the reaction parameter 
probe is located doWnstream of the injector system. 

Still another aspect of the present invention is to provide a 
method for operating the multiple injection device system, 
including the steps of sampling the reaction parameter; 
selecting the coaxial injection unit best suited for injecting the 
reagents; and injecting the reagents through the selected 
injection units. 

These and other aspects of the present invention Will 
become apparent to those skilled in the art after a reading of 
the folloWing description of the preferred embodiment When 
considered With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cut-aWay, side vieW of an injection device 
constructed according to the present invention. 

FIG. 2 is a cut-aWay, side vieW of another injection device 
constructed according to the present invention. 

FIG. 3 is a cut-aWay, side vieW of yet another injection 
device constructed according to the present invention. 

FIG. 4 is a cut-aWay, side vieW of yet another injection 
device constructed according to the present invention. 

FIG. 5 is a cut-aWay, side vieW of the injection device of 
FIG. 4 in a different con?guration. 

FIG. 6 is a cut-aWay, side vieW of the injection device of 
FIG. 4 in a second different con?guration. 

FIG. 7 is a cross-sectional vieW of a coaxial injection 
device constructed according to the present invention. 

FIG. 8 is a cut-aWay, side vieW of a coaxial injection device 
constructed according to the present invention. 

FIG. 9 is a perspective vieW of the coaxial injection device 
of FIG. 7. 

FIG. 10 is a disassembled perspective vieW of the coaxial 
injection device of FIGS. 8 and 9. 

FIG. 11 is a schematic diagram of a system according to the 
present invention. 

FIG. 12 is a photograph of a co-axial injector according to 
the present invention. 

FIG. 13 is a photograph of a co-axial injector according to 
the present invention installed in a port of a ROFA box. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the folloWing description, like reference characters des 
ignate like or corresponding parts throughout the several 
vieWs. Also in the folloWing description, it is to be understood 
that such terms as “forWard,” “rearward,” “front,” “back,” 
“right,” “left,” “upWardly,” “doWnWardly,” and the like are 
Words of convenience and are not to be construed as limiting 
terms. 

Referring noW to the draWings in general, the illustrations 
are for the purpose of describing a preferred embodiment of 
the invention and are not intended to limit the invention 
thereto. In this description of the embodiment, the term 
“duct” is used to describe a reagent injection passageWay 
Without any constriction on the end. The term “injector” is 
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used to describe a reagent injection passageway With a con 
strictive ori?ce on the end. The ori?ce can be a hole or a 
nozzle. An injection device is a device that incorporates ducts 
or injectors or both. 
Combined Combustion Furnace Humidi?cation and Reagent 
Injection Devices and Systems 

These devices and systems are directed toWard the use of 
humidity to prolong injected droplet life in a combustion 
furnace. The device is used to raise the relative humidity in the 
combustion furnace in the droplet environment such that the 
droplet evaporates more sloWly than in a loWer-humidity 
environment. The reagent dissolved in the droplet thus does 
not become available for reaction until the droplet reaches the 
desired temperature and/or location in the combustion fur 
nace. 

In a loW-humidity environment, the droplet may evaporate 
before it has a chance to reach its boiling point. The reagent 
dissolved in the Water droplet is thereby available to react 
chemically prior to reaching the desired destination. Making 
the reagent chemically available prematurely may lead to 
undesirable side reactions. In the case of NH3 and NH3 -based 
reagents that are injected into combustion furnaces in order to 
react With NO,C compounds to reduce them to elemental nitro 
gen, premature availability of the NH3 at elevated tempera 
tures can cause them to be oxidized themselves to NOX, 
thereby actually raising the combustion gas NO,C levels, rather 
than reducing them. 
A system according to the present invention for the humidi 

?cation of combustion gases in the proximity of NO,C reduc 
ing reagent droplets includes injectors and a control system. 
The control system includes probes, readouts, circuits, and 
controlling software. 

The humidi?cation injector and reagent injector can be 
distinct injectors, or the humidi?er and reagent can be 
injected through the same injector. The ?rst con?guration 
alloWs for adjustment during operation by varying the rate of 
injection of the humidi?er and the reagent individually. The 
second con?guration requires pre-mixing of the humidi?er 
and reagent, but reduces the complexity of the nozzle. 

The ROFA duct, humidity injector, and reagent injector are 
con?gured in such a manner that the injected humidi?er pre 
humidi?es the space into Which the reagent is injected. There 
fore, the ROFA duct, humidi?cation injector, and reagent 
injector are preferably located proximal to one another in the 
present invention. More preferably, the ROFA duct, humidity 
injector and the reagent injector are co-axial. 
ShoWn in FIG. 1 is a cut-aWay, side vieW of an injection 

device constructed according to the present invention. The 
device as shoWn in FIG. 1, generally referenced as 10, 
includes an exterior ROFA duct 12 and a combined humidity 
and reagent injector 13. 
ROFA can be injected through the ROFA duct 12 alone or 

in combination With a sorbent, such as a base, such as alkaline 
carbonates, such as lime, limestone; hydrated lime; quick 
lime; soda, trona. Other agents, such as activated charcoal, 
peroxides, free radicals; NH3; H202; urea; and the like, may 
also be used. Reagents dissolved in a solvent, for example 
urea dissolved in Water, can be injected through the combined 
humidity and reagent injector 13. Because the ROFA air 
shears the injected solvent With reagent, the solvent and 
reagent can be injected through a loW-pressure ori?ce, and 
does not need to be injected through an atomizing ori?ce. 

FIG. 2 shoWs a cut-aWay, side vieW of another embodiment 
of the present invention. This embodiment includes a ROFA 
air duct and a separate humidi?cation injector 15 and reagent 
injector 17. This embodiment alloWs the separate injection of 
the humidi?cation agent and reagent. By separating the inj ec 
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6 
tion of the tWo, the humidi?cation agent can be used to carry 
another reagent. For example, in a combustion furnace, the 
humidi?cation agent can be Water and the second reagent can 
be a sorbent. The humidi?cation agent is preferably injected 
upstream to the reagent, alloWing the ROFA air to shear and 
disperse the humidi?cation agent. The humidi?cation agent, 
thus dispersed, evaporates and increases the relative humidity 
of the injection space prior to the injection of the reagent. 

FIG. 3 is a cut-aWay, side vieW of yet another injection 
device constructed according to the present invention. This 
embodiment includes a ROFA air duct 12, a reagent injector 
17, and a co-axial humidi?cation injector 15 With dispersing 
air duct 19. In the ?gure, the dispersing gas duct is internal to 
the humidi?cation injector; hoWever, the humidi?cation 
agent can be internal to the dispersing gas. This embodiment 
alloWs the reactor operator to vary the dispersion of the 
humidi?cation reagent. 

FIGS. 4, 5, 6, 7, 8, 9, and 10 shoW an alternative design for 
a coaxial inj ection device according to the present invention. 
The device, generally described as 10, is composed of an 
exterior duct 12, an outer-middle injector 14, an inner-middle 
duct 16, and an interior injector 18. 
The exterior duct 12, or high-velocity gas duct, is designed 

for the injection of high-velocity gas in the reactor. For 
example, ROFA air can be injected into the reactor through 
the exterior duct for combustion fumaces. The high-velocity 
gas mixes and disperses material injected through the other 
ducts and injectors. For example, cooling Water, cooling air, 
and a nitrogenous agent solution injected into combustion 
gases for the reduction of NO,C are mixed by the ROFA air. 
The high-velocity gas disperses solutions Without the need 

for dispersing nozzles; therefore the reactor can use solutions 
containing particulate. This eliminates or reduces the require 
ment for pure reagents necessary to prevent obstruction of 
?ne ori?ces. For example, this device alloWs the use of loW 
quality Water as cooling Water in combustion furnaces, 
thereby reducing operating expense and improving perfor 
mance by reducing ori?ce plugging. 
The high-velocity gas duct is formed by the internal Wall of 

the insert 20 and outer cylinder 28 of the outer-middle injector 
14. The duct is located externally to and circumferentially 
surrounds all other injectors and ducts, thereby ensuring the 
dispersion of all reagents injected through the device. The 
dispersion improves reaction homogeneity, thereby reducing 
byproduct formation. 
Moving inWard, the next component of the device is an 

outer-middle injector 14 With at least one injection ori?ce 24, 
such as a hole or nozzle. Preferably, the outer-middle injector 
has at least 8 nozzles, as shoWn in FIG. 7. The outer-middle 
injector is formed by tWo concentric cylinders 26 and 28 With 
a connecting end plate 30 and at least 1 injector ori?ce 24 in 
the endplate. This device preferably injects a liquid, for 
example, cooling Water for cooling gases in proximity of 
injected urea droplets can be injected through this injector. 
The cooling Water reduces free radical oxidation of NH3 to 
NO,C by combustion gases. Alternatively, gases can be 
injected through this injector. For example, a cooling gas, 
such as loW quality steam that cannot be used for effective 
poWer generation, can be injected instead of cooling Water 
into a combustion furnace. Besides the cooling effect, the 
steam Will increase the mass How and assist the high-velocity 
gas in carrying and dispersing the other reagents into the 
furnace. 
Moving inWard, the next component of the device is an 

inner-middle duct 16. This duct is formed by the interior 
cylinder 26 of the outer-middle injector and exterior Wall of 
the interior injector 18. A second gas is preferably injected 



US 8,021,635 B2 
7 

through this duct. For example, cooling air to keep an injected 
urea solution cool prior to injection can be injected through 
this duct. The cooling air prevents urea decomposition prior 
to injection into the combustion fumace. 

The innermost component of the device is an interior inj ec 
tor 18 With constricting ori?ce 32. The interior injector is 
preferably formed by a holloW tube With endplate, preferably 
by a cylinder With endplate. The endplate preferably has a 
constricting ori?ce, such as a hole or noZZle. Preferably, liq 
uids are injected into the reactor through this injector. For 
example, a concentrated nitrogenous agent solution can be 
injected for the reduction of NO,C in a combustion fumace. 
The selective non-catalytic reduction (SNCR) of NO,C in the 
combustion gases thereby reduces acid emissions. 

The nitrogenous agent can be selected from the group 
consisting of urea, ammonia, cyanuric acid, ammonium car 
bamate, ammonium carbonate, mixtures of ammonia and 
ammonium bicarbonate, one or more of the hydrolysis prod 
ucts of urea or mixtures or complexes thereof, compounds 
Which produce ammonia as a byproduct, ammonium formate, 
ammonium oxalate, hexamethylenetetramine, ammonium 
salts of organic acids, 5- or 6- membered heterocyclic hydro 
carbons having at least one cyclic nitrogen, hydroxy amino 
hydrocarbons, amino acids, proteins, monoethanolamine, 
guanidine, guanidine carbonate, biguanidine, guanylurea sul 
fate, melamine, dicyandiamide, calcium cyanamide, biuret, 
l,l'-aZobisformamide, methylol urea, methylol urea-urea 
condensation product, dimethylol urea, methyl urea, dim 
ethyl urea. 

Preferably, the nitrogenous agent is urea. More preferably, 
the nitrogenous agent is greater than about 20% aqueous urea 
W/W. Alternatively, more dilute solutions of nitrogenous 
reagent can be used. 

The outer middle injector is preferably recessed in from the 
edge of the insert to protect the injector ori?ces from the 
reaction heat and reactants. The inner injector is recessed 
Within the outer middle inject, to further protect it from the 
reaction heat and reactants. 

High-velocity gas is injected through the exterior duct 12, 
higher volume liquid is injected through the outer-middle 
injector 14, loWer-volume gas, such as a cooling and/or dis 
persing gas, is injected through the inner-middle duct 16, and 
a loWer volume liquid is injected through the interior injector 
18. The ?uids exit the injector and the high-velocity gas 
disperses the liquids and other gas in the reaction space 36. 
Sliding Injectors Embodiment 
The present invention also preferably includes a sliding 

injector embodiment. In this embodiment, the injectors can 
be slid toWard or aWay from the reactor space for adjustment. 
As shoWn in FIGS. 5 and 6, the internal reagent injector and 
middle humidi?cation injector are also slid relative to one 
another, thereby alloWing the adjustment of the dispersion 
and, consequently, the evaporation time for each injected 
material. 

Thus, the co-axial, sliding injector is one in Which the 
interior reagent injector location can be varied With respect to 
the co-axial humidity injector by sliding the reagent injector 
along the common axis. This con?guration alloWs for vari 
able temperature and pressure humidi?cation agents to be 
used because the point of injection of the reagent can be 
altered to alloW the humidi?cation agent time to evaporate 
prior to the injection of the reagent. 

For example, as shoWn in FIG. 5, the internal reagent 
injector 18 is slid inWard and middle humidi?cation injector 
14 is slid outWard. FIG. 6 shoWs the device in an alternate 
con?guration. In this con?guration, internal reagent injector 
18 is slid outWard and middle humidi?cation injector 14 is 
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8 
slid inWard. This con?guration delays injection of the reagent 
and alloWs the humidifying agent more time to evaporate, 
thereby further ensuring that the reagent is injected into a 
humidi?ed environment 

The system thus described alloWs great ?exibility in the 
characteristics of the liquids used in a process. Because the 
high-velocity dispersing gas can effectively disperse large 
droplet siZe liquids, liquids containing particulates can be 
used in applications using the present invention, thus elimi 
nating the need for the high-e?iciency ?ltration systems to 
remove particulates from the liquid, as Would be necessary in 
prior art systems Which use dispersing noZZles that are easily 
obstructed to disperse the ?uid. 
As shoWn in FIG. 11, a multiplicity of injection devices 10 

according to the present invention can be combined to form a 
multiple injection system, generally described as 200. The 
system includes a system controller 38. The multiple injec 
tion system can be operated to provide higher ef?ciency reac 
tions and reduced byproducts. The injection devices can be 
any of the heretofore described injection devices. 

In the embodiment shoWn in FIG. 11, multiple coaxial 
injection devices are installed at spaced-apart locations along 
the reactor length. At least 1 probe 40 is installed doWnstream 
of at least one of the injectors of the system. Preferably, the 
probe is installed doWnstream of the last injector. In an 
example embodiment, the injectors are positioned along a 
combustion furnace and the probe is a temperature probe 
installed at the end of the combustion chamber. 
The present invention is thus directed to a multiple injector 

system including at least tWo coaxial injection devices, at 
least one reaction parameter probe, and at least one controller; 
Wherein the coaxial devices are located at spaced-apart loca 
tions along the reactor length, the reaction parameter probe is 
located doWnstream of the injector system, and the controller 
communicates With the injection devices and the parameter 
probe to control the injection devices. The parameter probed 
can include temperature, pH, relative humidity, chemical spe 
cies, gas velocity, and the like. Chemical species probes pref 
erably include NOX, SOX, and NH3 probes. Line-of-sight 
measurement techniques may also be used. Combinations of 
probes and techniques are also used. 
The controller is preferably any of a number of standard 

?oW controllers. A preferred embodiment includes a high 
level control that uses fuZZy logic, arti?cial intelligence, 
closed loop processes, and the like. An alternative embodi 
ment includes an open loop manual controller. 
A method of using the multiple coaxial injection system 

includes the folloWing steps: 
1) measuring reactor parameter; 
2) selecting the coaxial injection device most suitable for 

injecting the secondary reagent; and 
3) injecting the secondary reagent through the selected 

coaxial injection devices. 
An optional step includes ?ushing deselected coaxial 

injection devices With a cleaning ?uid to prevent fouling. 
Thus, present invention includes an injection device for 

humidifying and dispersing reagents into a reactor space, 
including an exterior injection duct for injecting at least one 
gas at high-velocity into the reactor space; at least one interior 
injector for injecting at least one reagent and at least one 
humidifying agent into the reactor space; Wherein the at least 
one interior injector is positioned coaxially inside the exterior 
injection duct for injecting, mixing, and dispersing the at least 
one reagent and the at least one humidifying agent in the 
reactor space; thereby ensuring the mixing and dispersion of 
the at least one reagent and the at least one humidifying agent 
into the reactor by the high-velocity gas. The at least one 
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interior injector preferably includes at least one humidifying 
agent injector and at least one reagent injector for injecting 
respective at least one humidifying agent and at least one 
reagent, separately. The at least one humidifying agent inj ec 
tor further preferably includes a coaxial dispersing gas duct. 
The injection device is even more preferably a coaxial inj ec 
tor device including an exterior duct for high-velocity gas 
inj ection; an outer-middle injector for liquid injection; an 
inner-middle duct for loW-velocity gas injection; and an inte 
rior injector for liquid injection; Wherein the injectors and 
ducts are positioned coaxially; and Wherein, the exterior duct 
is formed by the internal Wall of an insert and the external Wall 
of the outer-middle injector; and is located externally to and 
circumferentially surrounds all other injectors and ducts; the 
outer-middle injector is formed by tWo concentric cylinders 
With end plate and injector noZZles; the inner-middle duct is 
formed by interior Wall of the outer-middle injector and the 
exterior Wall of the interior injector; the interior injector is 
formed by a cylinder With an endplate, the endplate having a 
noZZle. 

In the injection device, at least one interior injector is 
slideable relative to the exterior injector to adjust the position 
of an injection end of the at least one interior injector With 
respect to a reactor end of the exterior duct for providing 
controllable proximity of inj ection into the reactor space. The 
injection end and reactor end are the ends closest to the 
reactor space and through Which the injected reagent and 
ducted gas material respectively exit the injection device. 
A multiple injection device system according to the present 

invention includes at least tWo injection devices as previously 
described, at least one reaction parameter probe, and at least 
one controller; Wherein the injection devices are located at 
spaced-apart locations along a reactor length; the at least one 
reaction parameter probe is located doWnstream of the inj ec 
tor devices; and the at least one controller communicates With 
the injection devices and the at least one reaction parameter 
probe to control the injection devices for providing controlled 
inj ecting, mixing, and dispersing the at least one reagent and 
the at least one humidifying agent in the reactor space. The at 
least one reaction parameter probe preferably measures at 
least one parameter selected from the group consisting of 
temperature, pH, relative humidity, chemical species, gas 
velocity, and combinations thereof. Preferably, at least one 
injection device injects at least one NOx-reducing reagent and 
at least one injection device injects at least one SOx-reducing 
agent. Even more preferably, at least one injection device 
injects both at least one NOx-reducing reagent and at least one 
SOx-reducing reagent. 

In a preferred embodiment, the at least one interior injector 
is slidable relative to the exterior injector to adjust the position 
an injection end of the at least one interior injector With 
respect to a reactor end of the exterior duct for providing 
controllable proximity of injection into the reactor space. 
A method for operating the system preferably includes the 

steps of: 
sampling the reaction parameter; 
selecting at least one injection device best suited for inject 

ing a reagent for affecting a chemical reaction Within the 
reactor to produce a desired result from the reaction; 

injecting the secondary reagent through the at least one 
selected injection device. 
A method for reducing the NO,C in a combustion e?luent 

preferably includes the steps of: 
providing a system as previously described; 
sampling the e?luent temperature; 
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10 
selecting at least one injection device best suited for inject 

ing an NH3- generating reagent for reducing NO,C in the e?lu 
ent; 

injecting the NH3 -generating reagent through the at least 
one selected injection device. 

In a preferred embodiment, the NH3 -generating reagent is 
selected from the group consisting of: urea, ammonia, cya 
nuric acid, ammonium carbamate, ammonium carbonate, 
mixtures of ammonia and ammonium bicarbonate, one or 
more of the hydrolysis products of urea or mixtures or com 
plexes thereof, compounds Which produce ammonia as a 
byproduct, ammonium formate, ammonium oxalate, hexam 
ethylenetetramine, ammonium salts of organic acids, 5- or 6 
membered heterocyclic hydrocarbons having at least one 
cyclic nitrogen, hydroxy amino hydrocarbons, amino acids, 
proteins, monoethanolamine, guanidine, guanidine carbon 
ate, biguanidine, guanylurea sulfate, melamine, dicyandia 
mide, calcium cyanamide, biuret, l,l'-aZobisformamide, 
methylol urea, methylol urea-urea condensation product, 
dimethylol urea, methyl urea, dimethyl urea and combina 
tions thereof. 

Injected ?uids preferably include high-velocity secondary 
air, cooling Water, cooling air, and urea solution in the exterior 
duct, outer-middle injector, inner-middle duct, and interior 
injector, respectively, for the reduction of NO,C in a combus 
tion process. 

Another embodiment of the present invention is an injec 
tion device for humidifying a reactor space including an 
exterior injection duct for injecting at least one gas at high 
velocity into the reactor space; at least one interior injector for 
injecting at least one humidifying agent into the reactor 
space; Wherein the at least one interior injector is positioned 
coaxially inside the exterior injection duct for injecting, mix 
ing, and dispersing the at least one humidifying agent, 
thereby ensuring mixing and dispersing of the least one 
humidifying agent into the reactor by the high-velocity gas. 
Preferably, the at least one interior injector is slidable relative 
to the exterior injector to adjust the position an injection end 
of the at least one interior inj ector With respect to a reactor end 
of the exterior duct for providing controllable proximity of 
injection into the reactor space. 

Certain modi?cations and improvements Will occur to 
those skilled in the art upon a reading of the foregoing 
description. For example, the device according to the present 
invention provides for large diameter ori?ces for introducing 
alternative NH3 sources, such as algae, Which groWs in the 
cooling ponds of the poWer generation facilities. All modi? 
cations and improvements have been deleted herein for the 
sake of conciseness and readability but are properly Within 
the scope of the folloWing claims. 

EXAMPLE(S) 

This section outlines an example of a system operated 
using the present invention, not necessarily optimiZed, but 
illustrative of a humidi?cation method according to the 
present invention. 

Example 1 

A speci?c example of the reduction of NO,C in a combustion 
furnace using urea With a co-axial device according to the 
present invention folloWs: 
A combustion fumace operating at approximately 1300 

degrees C. Was ?tted With devices according to the present 
invention in a manner to produce ROFA conditions inside the 
combustion space. The pressure of the injected high-velocity 






